Groundwater contamination is a serious problem that is growing in the United States, but its true extent is not known and it is difficult to determine because ofthe complexities ofcontaminants, their transformation, and fate in groundwater systems. It is also difficult to predict their movement in groundwater. Since we know that the problem is serious and that our needs for groundwater will grow, the mitigation of groundwater contamination, despite the high cost, is necessary. Furthermore, it is very difficult to predict effects on human health because they have not been defined for many ofthe chemicals. Antagonism and synergistic effects of interacting chemicals have not been determined because they are complicated by many factors, for example, volatile organic compounds. The effects of leachates in groundwaters entering streams on the riverine environment and aquatic life have not been determined.
Introduction
Groundwater contamination is present in every state of the union; however, its true extent is not well known because of lack of detailed mapping in most states. Estimates by the U.S. Environmental Protection Agency (EPA) are that up to 1% of the known usable aquifers near the land surface may be contaminated. Lehr (1) estimates that this may be as much as 2%.
There are several reasons why we do not know the extent of groundwater contaminations. One is that the movement of groundwater is very slow and complex; it may move rapidly if it is pumped or under a hydrolic head. Contaminants may or may not move with groundwater, because many factors effect their movement. For example, the specific gravity or density, which is the specific gravity as it relates to water, varies greatly for different chemicals. Therefore a contaminant may float, it may sink to the bottom of the aquifer onto the aquitard, and in some cases it may move in an opposite direction to the flow of water in the aquifer (2) . The movement may be complex because aquitards often have fissures in them, and the movement through a fissure is much faster than movement in the aquifer. Furthermore, the aquitard, particularly in limestone, may have various lacunae in it, where the contaminant is held, and *Academy of Natural Sciences, 19th and the Parkway, Philadelphia, PA 19103. may continue to contaminate the aquifer for a long time. Several years ago, we thought that aquifers were separate and that the aquitard was impervious. We now know that an unconfined aquifer may contaminate a confined aquifer. Understanding the movements of contaminants is an active field of research.
Types of Aquifer Contaminants
The contaminants may be divided into two general groups-organisms and chemicals. The organisms that cause illnesses are mainly bacteria and viruses; although protozoans, a few worms, and fungi have been found to cause illnesses from the drinking of groundwater. We (3) . Within 50 days after stopping injection, the concentrations of chloroform and other trihalomethanes at a near-by observation well were found to decrease significantly. A much slower decline occurred in the concentration of chlorinated ethanes and ethenes. Several halogenated alleophatic compounds were apparently degraded during soil perculation in the anoxic subsurface between waste water infiltration basins in Phoenix, AZ (3).
In the Netherlands, it was found that no halogens were detected after perculation through dune sand, despite relatively high haloform concentrations (20-100 mg/L) in the influent water, suggesting a removal by biotransformation under anoxic conditions. Degradation can be enhanced for gasoline components when oxygen, nitrogen, phosphorus, and other trace elements are added to the aquifer. Evidence for 1,4-dichlorobenzene degradation was found under aerobic conditions within an apparent half-life of 8 days during infiltration from the Glatt River. Subsurface biological activity caused the aquifer to go anoxic in the summer months; during this period, 1,4-dichlorobenzene was observed to persist. Also, in the strictly anaerobic segment of a plume 1,2,4-trichlorobenzine and 1,4-dichlorobenzene were equally persistent, but they were down-graded in the less anaerobic region; the former appeared to be degraded more rapidly than the latter. More than 80% conversion of nine of the ten halobenzoates and five of seven chlorophenols, and two of the two phenoxyacetic acid herbicides were transformed in methanogenic aquifer samples and were not observed in sulfate-reducing aquifer samples (4 (8) argue that dermal absorption of organic contaminants from drinking water may result in several-fold greater exposures over the absorption from water consumption (6) . Most of our studies on carcinogenity have been based on animal studies, mainly on mice and rats. These two animals have been found to vary in their susceptibility to various chemicals forming cancer. Furthernore, because of the differences in enterohepatic circulation, the ability to predict the effects from rat or mouse experiments to humans is very difficult. Furthermore, it has been found that the administered dose may be different than the dose received to the critical tissue. Additionally, literature has reported that host factors such as age, sex, diet, genetic make-up, and predisposing disease conditions may effect susceptibility to chemically induced cancer. It should be pointed out that the problem of trying to verify low-dose cancer risk predictions for example, in 10 -5 or 10 -6 concentration of chemicals is very difficult and expensive. Furthermore, validating that a risk of 10-6 concentration may be offby one or two orders of magnitude in either direction is probably not verifiable with current epidemiological methodologies, or so-called megamouse studies (6 Another type of environmental effect of leachates, or contaminants in groundwater, is the effect upon riverine species. It is well known that approximately one-third the fresh-water flow of all rivers is groundwater, and during droughts all of the flow of a continuous flowing stream is groundwater. As a result, the organisms are effected by the characteristics ofthe groundwater. Thus it is apparent that very small amounts of toxic substances may alter the aquatic communities in streams and thus alter the ability of a stream to assimilate wastes, which would greatly effect the quality of water for human use.
Recent surface water studies have clearly shown that algae may bioaccumulate many thousand times the ambient concentration of hazardous chemicals in water (9) . These algae are often the primary food of invertebrates and, hence, of fish, and thus the contaminants that may enter a stream from groundwater can become a threat to human health.
What Does the Future Hold in Store?
As we look into the future, it is very evident that the populations of the world are going to become more and more dependent on groundwater. The question is, "How can we prevent or if not prevent, greatly reduce the trend of toxics to spread in groundwater?" The best way to prevent contamination is at the source, but we will never prevent all contamination because all organisms, including man, produce contaminants and these eventually may enter the groundwater. The principle sources of groundwater contamination are very different in various parts of the country, and the effects on humans vary, depending on the transformation of these chemicals as they pass through the soil profile. We need to learn about these transformations and their interaction with other chemicals that may be associated with them before we can make more exact predictions as to the seriousness of effects on human health.
Since it will always be impossible to eliminate wastes and all chances of groundwater contamination, and since it will take time to carry out the necessary research, the question is, "What can we do in the immediate future to most effectively mitigate groundwater contamination?" Besides the control at the sources, one can control the wellhead areas and prevent the use of the area that is in the draw-down area of a well for purposes that might produce groundwater contamination. The careful control of the use of recharge areas of aquifers is also necessary. Another method for reducing contamination is the classification of aquifers as to quality and quantity and restricting their use to conform with these parameters. Restrictions on overpumping are important because this practice often produces contamination, causing the water from contaminated aquifers to flow into an uncontaminated aquifer. This can be controlled by carefully monitoring the waterhead in the aquifer.
Another method of reducing the threat of contamination is by remediation. There are several approaches to this type of control. One is the fixing of chemicals within a landfill or other contaminated areas by various methods to prevent the leachate from leaving the landfill. Second is the volatilization by the injection of air into a lagoon or dump to drive off the volatile materials that are captured and destroyed. Such procedures can also be used to detoxify an aquifer that has volatile materials in it. This is done by placing the source of air at the base of the aquifer.
Biotransformation, which has been discussed above, is a means of reducing the toxicity of contaminants that are in aquifers or that have the potential of entering aquifers. This is a very important area of research and offers great promise for the future. In a similar way, we need to learn much more about chemical interactions that precipitate or chelate or bring about various types ofionic exchange that either transform a chemical that is toxic or bind it so that it is relatively harmless.
Another approach would be to use new methods of constructing basins. These would contain concentrated toxicants that could not otherwise be removed.
From the previously discussed material, it is very evident that the mitigation of toxic or hazardous wastes is one of the most costly problems facing society. Our ignorance of what to do is colossal. We must at once harness the best brains in the country to do the following: a) determine which chemicals and/or organisms are most harmful to human health and the environment, and put our first efforts into controlling them. This means more exact knowledge as to the actual dose which produces harm, be it to humans or to organisms in the environment. For human populations, this determination can only be accomplished by greatly improving epidemiological methods and more rapid means of determining the deleterious effects ofhazardous substance that may have severe chronic effects. b) We must support research that will determine how hazardous materials can be transformed to nonhazardous chemicals by biological, chemical, and physical processes. c) We must develop means to confine or prevent the spread of hazardous materials and, where possible, remediate them by biological, chemical, and physical processes. d) It is important that we better understand the effects of hazardous materials on the microorganisms and macroorganisms of the environment that play such an important role in the soil and in the water. It is these organisms that make possible the cycling of nutrients and the maintenance of a natural environment which is so important to human health.
These requirements mean the elimination or a great reduction ofthe source oftoxic or hazardous materials in effluents-be they from industry, municipal plants, or nonpoint sources such as farms and septic tanks, small businesses, or homes. It means the reduction of potential hazardous materials entering the aquifer by the protection of wellheads and recharge areas: by the inspection of septic tanks and underground storage tanks and pipelines; and by continually monitoring them. It means developing a meaningful basis of classification of aquifers based on their natural characteristics, so that we can better understand what chemicals might be interactive or produce little change if they occurred in these aquifers and which ones would cause a severe alteration of the natural characteristics of the aquifer. It means more precise understanding of the ultimate effects of mixtures of contaminants on human health.
To implement these objectives, we must train and, if need be, retrain decision-makers and technical people to implement the most effective ways of reducing wastes, and manage these wastes so as to mitigate their hazardous effects. Through research we must produce more accurate epidemiological methods and a more exact knowledge of potential effects on human health of mixtures of chemicals in the ground.
